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Abstract The factors that reduce the pre-dispersal
reproductive potential of Euphorbia dendroides are
identified and the magnitude and variability of their
effects are examined, both on a spatial and on a tem-
poral scale. The aims of the study were: (1) to assess
whether such variation was related to plant attributes
describing size and/or fecundity. and (2) to determine
the consistency of those effects in plant reproductive
success. Pre-dispersal losses were measured over 3 vears
in a total of 45 plants from two populations in Cabrera
island (Balearic Islands. western Mediterranean). Two
types of insect-plant interactions (& moth that preys on
the inflorescences and a wasp that feeds on the seeds)

significantly reduced the potential number of seeds of

E. dendroides. whereas lack of ovary in the cyathium,

ovary abortion or seed abortion were the causes of

reproductive loss that can be considered “intrinsic™ to
the plant, Significant variation was found both spa-
tially and temporally in their effects, though such vari-
ation could not be attributed to the plant traits
measured. Moths and wasps were not found to exert
any opposing selective pressure on the plant, and their
effect was additive. Key lactor analyses performed with
the data obtained over three seasons showed that the
influence of a factor on among-plant variation in total
reproductive losses cannot be predicted by the magni-
tude of the loss caused by such a factor: thus, seed
abortion. while representing a low reproductive loss
(< 20" of the potential seed production) accounted for
the greatest among-plant variation in total losses, The
analyses also showed that the contribution of the plant-
insect interactions Lo the variation in total losses
varied significantly both spatially and temporally. This
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lack of consistency. together with the lack of associa-
tion with the plant traits measured. suggests that the
demographic changes produced by these interactions
are unlikely to translate into adaptive changes.
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Seed predation - Euphorbiaceae - Balearic Islands

Introduction

A large number of studies have quantified the effect of
insects on pre-dispersal reproductive losses of their host
plants (see. for instance, reviews in Crawley 1989, 1992).
showing that large percentages of the potential seed
crops of many species can be destroyed (e.g. Janzen
1971: Breedlove and Ehrlich 1972; De Steven 1981:
Scott 1982: Auld 1986; Andersen 1989; Evans et al.
1989) with the possibility of limiting plant recruitment
(Louda 19824, b). Only a small proportion of these
studies. however. have examined the consistency in the
spatio-temporal variation of such effect. Moore (1978)
found much consistency among individuals in seed
attack by weevils in Crofalaria and attributed variation
in seed crop losses among seasons Lo transient preda-
tor satiation. De Steven (1983) and Auld (1986) found
the percentage ol seed predation by weevils in
Hamamelly and Aecaciu. respectively, to vary strongly
with plant fecundity, also attributing some variation to
predator satiation. Andersen (1989) showed strong
differences in pre-dispersal seed losses to insects in
Leptosperniom between species, seasons. sites and indi-
viduals, and found that relative abundance of seed
predator species contributed to  spatial  variation
whereas fruit density contributed o temporal varia-
tion. Hails and Crawley (1991) observed much consis-
tency through time in the striking differences in rate of
insect-galling in oak. predicting that acorn crop was
the key factor in causing population change among
years, Much of the variation n all these studies.



however, remains unexplained because the dynamics of
the insect populations is largely unexplored.

Insects can act as selective forces by discriminating
between phenotypes, resulting in individual variation
in reproductive losses (Harper 1977), A particular plant
trait may be selected due to the pressure exerted by an
interaction (e.g. plant/pollinator, plant/herbivore,
plant/disperser). To determine this, we need to know
if and to what degree the demographic change pro-
duced by a given interaction translates into an adap-
tive change (Heithaus et al. 1982; Jordano 1989;
Traveset 1994). Information on how consistent in time
and space the effect of a particular interaction is in pro-
moting variation in plant reproductive success will indi-
cate the evolutionary importance of such an interaction
for a plant population, and will give understanding of
its overall effect on seed production. On the other hand.
studying the variability in the risks of death will also
help to identify the mechanisms of plant population
dynamics, as variation in reproductive losses can pro-
mote the coexistence among plant species. enhancing
plant diversity by preventing superior competitors
excluding inferior ones (Crawley 1992).

The goals of the present study were to examine:

1. The magnitude of the reproductive losses caused by
two species of insects (a moth and a wasp) that attack
Euphorbia dendroides 1. and of the losses due to fac-
tors other than insects (lack of ovary, ovary abortion,
or seed abortion)

2. The variation within and between populations in
such losses

3. How such variation relates to particular traits of the
plant

4. Whether wasps and moths exert opposing or paral-
lel selective pressures on the plant

5. The consistency ol attack by the two insects on indi-
vidual plants among years

6. The among-year variation in the relative contribu-
tion of each factor affecting the reproductive potential
to the variation in total reproductive losses among
individuals.

Information on the natural history of the plant and
the insects is presented as this system has not previ-
ously been studied.

Materials and methods
Study area

The study was performed on Cabrera island, south of Mallorca
{ Balearic Islands). Cabrera 1s ca. 1130 ha and has a maximum
elevation of 172 m. The vegetation is mediterrancan scrubland,
dominated by Pistacia lentiscus. Phillvrea spp.. Olea europaea,
Juniperus phoeniceae, Cistus spp., Rosmarinus officinalis and Erica
mudtiflora. In some parts of the island. mainly in the northeast.
Pinus halepensis is domunant. Euphorbia dendroides grows abun-
dantly all around the harbour area and in Cala Gandulf. although
it can also be found in other parts of the island.
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Meun monthly temperature ranges from 8 °C (January) to
34 °C (August), Total annual precipitation is low, rarely exceedmg
300 mm; in 1993 1 was 489.1 mim (this figure is not available for
1992}, The average for the period 19501971, obtained at the clos-
est station south of Mallorea island, was 380 mm, ranging rom 193
to 335 mm. A detailed description ol the climate of Cabrera
Archipelago and its vegetation can be found in Alcover et al (1993).

Study organisms

Ewphorbia dendroides L. (Euphorbiacede) is a shrub, usually single-
stemmed, that can reach 2 m in height and nearly 2 m in width. Tt
is common in the litoral thermophilous serubland of the central
Mediterranean region, the Balearic Islands (excluding the Pithyusie
islands). the Tirrenic islands and the ligur-provenzal coast, reach-
mg some coastal localities of northeast Catalonia (Bolos 1958). The
owermg period is usually m March, although m some years il can
begin as early as mid-February and last until mid-April. Each adult
plant produces hundreds 1o thousands ol inflorescences (cyathia)
grouped into clusters (cymes) of one to five cyathia, Usually each
cyathium consists of a single female Nower with a three-lobed ovary
und several male lowers, surrounded by four to five round orange-
coloured glands which produce copious, viscous nectar. This nec-
tur is usually collected by flies of the Calliphora genus, although
wasps and bees also act as pollinators of this plant (A, Traveset,
personal observation). Preliminary observations suggest that there
might be some pollen limitation due to the low frequency of insects
visiting the mnflorescences, The endemic lizard, Podarcis lifordi
(Giinther) (Lacertidae), has been observed climbing the shrubs, lap-
ping the succulent nectar and gettmg its snout covered by pollen.
which suggests that this animal may also act as a pollinator of the
plant, Small ants of the species Plugiolepis pygmaeqa (Latr. ) are occi-
sionally observed on the nectaries, although they probably act as
neclar robbers.

The fruits veach full size several weeks alter fertilization, and
mature usually between the end of April and mid-May. They con-
s1st of a three-lobed green capsule that explodes when dry. cata-
pulting the three small brown seeds away [rom the plant. Each seed
(2-3 mm long) bears a whitish elaiosome which, in Cabrera island,
is euten by ants of the genus Aphaenogaster. These ants carry the
seeds to their nests, thus promoting a secondary seed dispersal
(A, Traveset, personal observation),

The adult of the microlepidopleran  Acroflita  subsequana
(Herrich-Schifler. 1851) (Tortricidae), a polyvoltine species specific
to the genus Euphorbia. oviposits inside the buds very early in Hower
development. Small larvae (ca. 2 mm) can be observed within a
cyathia before it has opened. As lurvae grow. they join the adja-
cent eyathia together with the surrounding leaves, usually damag-
ing the whole cluster of cyvathia and precluding the development of
ovaries. Il the ovaries were already developed before attack, they
uswally abort al an carly stage or produce capsules with aborted
seeds inside. Only occasionally 15 there more than one larva per
cluster. The larvae develop lor several weeks until reaching the pupal
stage, which tukes place in the soil, Adult emergence occurs about
a month later. So Far. it 15 unknown whether this moth has other
hosts in which it can develop. Its major predator during the larval
stage 1s @ wasp, Ancistrocerus ebusianus (Eumenidae), wiieh s fre-
quently observed on the flowering plants searching for larvae in the
damaged clusters. These damaged clusters (both leaves and cvathia)
soon dry up and are easily distinguished from the mtact ones,

The wasp that attacks the seeds of Euphorbia dendroides belongs
o the genus Bruchophagus (Eurytomidae). Adults can be observed
ovipositing on the full-sized Truits by mid-April. Only one adult
emerges per seed which indicates that each seed can bear only a
single larva, The insect remains inside the seed at the larval stage
through the winter and the adult emerges the following spring, when
fruits are again available for oviposition, The wasp is thus a
univoltine species and appears to be host-specilic. The main preda-
tor ol this species is o hemipteran, Brachypelta aterrima Forst
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{Pentatomidac). which is commonly seen on the fruits puncturing
the scedx in search of the larvae.

hflorescence mfesiation by the moth

In the spring of 1992, a total of 1S individuals ol E. denddroides were
haphazurdly chosen {rom a population (S'Espalmudor, ES here-
after) on Cabrera iskand. Dunng the flowering period. 1 recorded
the total number of cyathia produced and those infested by moth
larvae 1n all individual plants. The lollowing vear. 1 again recorded
the number of cyatlia infesied by moths in those I35 indviduals
examined in 1992 plus in 3 addinonal plants in the ES population.
In order to determine whether mothy disgrinnate among cymes
tchusters) bearing diffcrent number of cyathia. | recorded the num-
ber of total ¢yathia contined in the infested and in the unintested
Cymes.

In spring of 1994, cyathia infestation was examined in 29 indi-
viduals (which included thosce caatmined in 1992 and 1993) from ES
and in 13 from Cata Gandull (CG hereafier). a different popula-
tion ¢d. 2 km from ES. In the previous 2 years. cyatlia infestation
n the CG population was neglivible und was not recorded.

For each individual plant, | measared (hrec attributes indicative
of plant size: height. maximum crown diameter. and diameter at 10
am from the (runk base.

Seed infestation by the wasp

On 21 May 1992, 1 collected truits (rom 45 individuals. haphaz-
ardly chosen from the two populations: 30 Itom ES (including those
in which I examined moth imfestation) and 13 from CG. Alter hav-
ing measured the tal crop per plant (total number of fruits pro-
duced), | collected between 30 1o 50 maluring fruits from cach,
placing them in paper bags. These (ruits came {tom intact cyathis,
re.. those which bad not been imfested by the moth. Once in the
Lihorgtory, | disseeted a total of 50 sceds per plant which were ran-
domly chosen after breaking apart each truit (a capsule contains 3
seeds). For each dissection | recorded whether the secd (1) con-
tained a larva. (2) was aborted (empty) or (3) contained a vigble
embryo susrounded by white endoxperm which filiedd the seed locule.

In the spring of 1993 (11-12 May) and 1994 (29 Apnl), | again
counted the number of Iruits produced by (e same plants exam-
ingd in 1992 in the two populations and vollected fruits to evalu-
ale the proporvons of viable, aborted or wasp-damuged seeds. !
ulyo dissected SU seeds (when available) por plant, which were ran-
domly chosen irom the collecied capsules.

Dara analysis
The SAS statistical package (SAS 1987) was employed 1o perform

all correfations, regressions. and analyses of vartance. A key factor
analysis (Podoler and Rogers 1975) was used 1o ¢stimate (he relu-

tive contribution of Yactors that influence plant reproductive poten-
Udl to variation in total pre-dispersal losses among individuals. In
this analysis. the cstimated reproductive loss at each phase is
regressed against the (otal loss of reproductive structures, and the
slopes of the regressions are used (o determine the relative influence
that cach factor has on among-plant varation in total pre-dispet-
sdl losses (see Heithans et al. ((982) and Tordano (1989) for simi-
lar analyses]. This analysis was used for the data obtamed from ES
over the 3-year period and for those oblained {rom CG in 1994,

All means gre accompanied by their standard deviations
throughout the paper uiless otherwise indicated.

Results
Plan( fecundity

The toral number of cyathia, the proportion of cyathia
that gave fruit and the total fruit crop recorded per
plant over the 3 years are shown in Tabie 1. There was
much variation in each of these variables, being lower
for the number of cyathia than Tor the number of fruits
{Table 1). Number of cyathia was always correlated
with plant size (Table 2), although in 1992 the corre-
laton was significant only with plant height, not with
crown or trunk diameter. Cyathia production did not
vary significantly among the 2 years in the ES popu-
lation (/4= 2.43, P> 0.03) (total number of cyathia
in CG was recorded only in 1994).

Fruit production in 1994 was significantly associated
with all altributes indicative of plant size as well as
wilh number of cyathia produced, but this was not the
case for the previous 2 years (Table 2). This lack of
correlation is probably due 10 the spatially and tem-
porally variable number of cyathia that do not produce
any fruit either because they lack ovaries or because
they are infested by moths (see next section).

The proportion of cyathia giving fruit (fruit set)
waus always negatively correlated with the proportion
of cyathia infested. although in the [st year the
correlation was not significant (r,= —0.37, P> (.05;
r,= —0.68. P<0.0!, and r,= —0.89, 2 =0.0001. lor
1992, 1993 and 1994, respectively). Fruit set was not
consistently associated with plant size: in 1992 the cor-
relation was not sigmficant. and in 1993 larger plants
had a lower fruit set whereas in 1994 the opposite was
found (Table 2).

Plants in the CG population were significantly taller
thar those m ES (132.6 £ 25.3 versus 83.4+ 26.6 cm.

Table [ Plant fecundity and
infestation of cyaihia by moths

in the Lwo plant populations ES
(£S S'Lspalmador, CG Caly
Guadualty stedied from 1992 1o
1994, Mcans and standurd
deviations are given. The .
_ L CG
number of plants, n. is given
in parentheses

No. of ¢yalhia

Yo Fruit sct

v Cyathia infested
No. of [ruits

589.3 £ 6439 (15)

870.1 + 7353 (15)

Area Variable 1992 1993 juu4
No. of cyathia Y4+ (498 (13) 5533 £3893 (18) 584.5 £ 390.3 (29)
Yo Fruil set 34,54 27.0 (15) 280+ 291 (18) 238+ 187 (29)
s Cyathia infested 301 E 269 (15) 638+ 227 (18 73.6+ 252 (29)
No. ol truits 1419 = 133.6 (29) 14R8.6 = 134.5 (28) 142.9 - 128.5 (29)

12467+ 7954 (15)
623+ 107 (13)
0.8+ 1.3¢15)



Table 2 Correlations between traits indicative of plunt size
(At height, cd crown diameter, rd trunk diameter) and lecundity
(e number of evathia, nf number of (ruits, f& fruit set) during the
3 years of the study. Data from the two populations are pooled

ht ud id ne nf i
It 071%%+=  (.7]%**  (61* (.31 0.26
0,63%* —0.14 (.64
0, 56%** ().55%%% (0. 45%*
wd (0.73*** 0 50* (), 5%= 018
0.37%* (.04 ), 44
0.74%*% 0. 72%%+ 0. 30*
td - 0.51% 0.26 0,14
0.53% 0.1 .20
ne 0, 7Q*4* ().79#** 0.35*
= 045 015
(.23 —0.17
(.93%&* (), 37+
nf - () Be#=
0.78%**
(.84 +
fs

* P <003, % P <001 % P<0.000]

respectively; F, = 35.12, P=0.0001), had a wider
crown (131.5 £40.3 versus 102.7+ 28.7 ¢cm; F, ,, = 7.52.
P=0.01) and a wider trunk (4.8 £2.5 versus 3.6+
[3cm:; F =457, P=0.04) and produced consis-
tently more fruits than plants in the ES population dur-
ing the 3 vyears of the study (Table 1). A repeated
measures ANOVA showed that fruit production varied
significantly between the two areas (F,,=11.78,
P<0.01) and among years (£5=9.94. P =0.0001).
That differences in fruit production among vears were
not equal for the two areas (fruit production being
greater in CG than in ES) was indicated by the
significant  interaction between the two factors
(Fy=1092. P=0.0001). The relationship between
plant size and fruit crop did not differ significantly
between areas (P > 0.05). This was determined by per-
forming an analysis of covariance that showed homo-
geneity of slopes between the two populations.

There was a strong consistency among years in plant
fecundity (all » > 0.75, P = 0.0001), i.e., the plants that
produced the highest number of fruits in 1992 were also
the most fecund in 1993 and in 1994,

Losses due to the moth

The number of cyathia that were infested in 1992 var-
ied greatly among individuals, ranging from 17 to 440
(mean 119.5 £ 116.0, n = 15), and was correlated with
the total number cyathia produced (Fig. 1). The pro-
portion of cyathia that were infested was, on average,
about 40% (Table 1) and was not associated with any
of the plant attributes related to plant size (P > 0.05).

In 1993, the moth attacked an average of 376.8 &
318.8 cyathia per plant (range 63-1126, n = 18). which
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Fig. 1 Relationship between number of cyathia produced and
number of cyathia inlested by the moth Acrolita subseqtiaie n
1992 (open squares; v = 0,59, P=0.02, n=15) and in 1993 (solid
dots: r =091, P=0.0001, n = I8)

represented about 65% of the cyathia produced
(Table 1). In contrast to 1992, the proportion of cvathia
damaged was significantly associated with plant
height, taller plants suffering relatively greater damage
(r.=0.61. P=0.007). As in 1992, the absolute number
of cyathia damaged was significantly correlated with
number of cyathia produced (Fig. 1), but the relative
number was not (r,= 0,20, P> 0.05). The number of
cyathia per cyme. which ranges from | to 6, did not
affect moth oviposition. i.e the relative number of
cyathia attacked did not differ significantly among
cymes  bearing  different  numbers of  c¢vathia
(Fi75=0.21, P> 0.05).

In 1994, the number of infested cyathia was 299.3 *
368.2, ranging [rom 0 to 1400 (n = 44 plants). It was
neither correlated with plant size nor with total num-
ber of cyathia. The proportion of cyathia damaged by
the moth was significantly greater (F = 123.5,
P=10.0001) in ES than in CG (Table 1). The propor-
tion of moth-damaged cyathia was not associated with
plant size either, but it was associated with the total
number of cyathia produced (r.= —0.32, P <0.05).
more fecund plants having relatively lower damage.

Significant differences (F. 4;= 10.9, P = 0.0001) were
found among years in the proportion of cyathia dam-
aged by the moth (Table 1). However, individual trends
were strongly consistent (all r, > 0.70, P<0.01), ie
plants with the greatest damage in 1992 were also the
most infested in 1993 and in 1994.

Losses due to the wasp

In 1992, a high proportion of seeds were killed by wasps
(Table 3). There was much variation between plants in
wasp predation. ranging from 37 to 93% (n = 45). In
the following years. the incidence of wasps in the seeds
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Table 3 Percentages (meuan dnd standard

| I L
deviation) of seeds that ase (1) preyed Vbl

Area

1992

1993

1994

on by wasps. (2) empty (iaborted), or (3) ES
viable (with un embryo and endosperm

MMinz the seed locule) in (he two plant
pepulations (ES S'Espalmador, CG Cala
Gandull) during the 3 years ol thie CG
study. The number of plants is given in
parentheses

iy Seed predation
Yo Seed abortion
Yo Seed viability
Y Seed predation
s Seed abortion
“u Seed viabiliy

67.7 % 13.7 (30)
22,6 #15.2 (30)
9.8+ 7.9 (30)
184+ 91 (I5)

144+ 7.6 (13)
7.1+ 76 (15)

22.5+21.8 (26)
37.7 £ 30.1 (26)
39.8 +24.8 (26)
37.5 %263 (15)
2RO +£32.6(15)
33.6 L 1B.6(19)

44.4 4 20.8(27)
32.1426.6 (27)
234+ 14.5(27)
24.7 £ 14.1 (1)
28.7420.5(15)
46.7 23,1 ()5)

of the same plants was lower (Table 3), ranging from
010 78%in 1993 and from 0 to 74% 10 1994. A repeated
mecasures ANOVA showed that seed predation rates did
nol diffec significantly among areas (F ;= 0.25,
P>0.05 but did differ over time (F 5= 79.8.
P =0.0001) and there was no significant imleraction
between these two effects (Fu=11.72. P =0.0001).
No individual consistency in susceptibility to seed pre-
dation by wasps was observed, and none of the attrib-
utes related to plant size or fecundity were found to
influence such predation (all P> 0.05).

There was no significant correlation between repro-
ductive losses due (o the moth and those due (o the
wasps in any of the 3 years (all P> 0.05): thus, plants
with a pronounced moth infestation may or may not
suffer pronounced seed predanon by wasps,

Seed abortion

A relatively high proportion of the seeds produced
appeared (o be empty, with no cmbryo and with a seed
coal that was soft and whitish. The proportion of aboy-
tions was 20% i 1992 (range 0-60%. n = 45 plants),
34% in 1993 (range 0—100%., n = 41 plants), and 31"
in 1994 (range 0-93%. n = 42 plants). Seed abortion
rates did por differ significantly between areas
(Fi.5;=0.89, P>0.05) but did difler among years
(Fy7 = 6.68. P= 0.002) and no interaction between
these (wo factors was observed (F. 4, = 0.17. P > 0.05)
(Table 3).

Seed abortion was not associated with plant size or
fecundity in any of the 3 years (# > 0.05). There was
some consislency through time. since plants thal
showed the hmghest rate of aborton in 1994 were also
those with the highest rate in 1992 and in 1993
(r,=0.53. P<0.01 and r,= 0.48, P < (.02, respectively)
although there was no significant correlation between
abortion rates m 1992 and in 1993,

Production of viable seeds

Table 3 shows that the (raction of seeds that were viable
(with (ull endosperm ancd embryo) was especially low
in 1992, representing on average only 9% of the (otal
number of seeds (» = 45). It was quile variable among
plants, some individuals producing no viable sceds at

all and others producing up o 30% of the seed crop.
{n 1993, seed viability was greater. averaging 37% and
ranging from 0 (o 98% (i =41), Tn 1994, 32% of the
seeds were viable (# = 42) on gverage, ranging from 0
{o 86%.

No significant differences in the proportion of viable
seeds were found between areas (F£,1;= 1.29, P> 0.05)
but great differences were observed amonyg years
(Fr.2a=30.06, P=0.0001) (Table 3). The dillerences
amoug areas varied through time, as indicated by the
significant interaction Dbeiween thess (wo  effects
(F)_'M: 936 P= OOOO?)

None of the plant attribules related (o size or fecun-
dity nfluenced the proportion of viable seeds produced
in any given year, and consistency in seed viability was
found only between the two last years (r,= 0.52,
£ =10.008).

Cumulative effect of the factors affecting reproductive
potential during the pre-dispersal phase

Four factors were identified to affect the reproductive
potential of E. dendroides during the pre-dispersal
phase (Table 4). The relative ecological importance of
losses at each stage was quantified as the proportion
of the imitial crop size lost during that stage. The poten-
tial number of viable seeds, estimated by multiplying
the initial number of cyathia produced by three (each
cyathia produces a single fruit containing three seeds)
was greatly reduced i1 each of the 3 years ol study to
an average of: 32.0 325 (1= 13) viable seeds per
plantin 1992, representing a loss o977, 212.1 £ 211.6
11 1993 (a 87% reduction, n = 18), and 118.6 £ 115.5
(93'% reduction. n = 27) and 1336.5 % 1294.2 (64
reduction. # = 15} in ES and CG, respectively. in 1994
(Fig. 2).

[n the ES population, damage ol cyathia by the
moth accounled foy most of (he losses in the 3 years,
from 39% to 74% (Table 4; Fig. 2). The next most
important cause ol reproductive loss in 1992 and 1993
was the lack of ovary production or ovary abortion
(27% and 0%, respectlively), and in 1994 it was seed
damage by wasps (13%). Seed predation by wasps rep-
resented between 6% (In 1993) and 20% (in 1992) of
reproductive losses i the ES population. while seed
abortion did not exceed 12% in any of the 3 years
(Table 4).



Table 4 Factors that contribute to the losses in the reproductive
potential of Euphorbia dendroides during the pre-dispersal phase
and results of the key lactor analysis. The key factor slope indicates
the relative influence of each factor on variaton in total losses (sce
text for its caleulation) while r 1s the correlation between total losses

OECOLOGIA 103 (1995) © Springer-Verlag 123
and losses due to each factor. Data were log transformed before
analyses, For 1994, data from S Espalmador (£5) population (rop
{ine) and from the Cala Gandulf (CG) population (hattom line) ure
given. v s the mean proportion ol the initial crop size lost due to
cach factor

1992 1993 1994
X Cv Slope v x LV Slope  r X Cv Slope r
Infestation of .39 68.8 0.078 .20 0.66 34.8 0.14 .26 0.74 138 (.66 0.51%*
cyathia by moths 0.008 1594  0.01 (L.73%*
Lack of ovary/ 0.27 91,5 0.101 0.17 010 139.5 0.29 (hol** 0.07 (86L1 —0.20  —0.23
ovary abortion (.34 397 (.18 (145
Seed damage by wasps .20 RO —0.008  —0.03 006 1351 —003 —0.17 0.13 R7.7 —0.12  —0.54
0.17 7L 0.6 0.5]%
Seed abortion 0,12 112.4 .829 0.76 0.09 112.1 .59 [) 3w 0.05 876 0.66 2% Sk
0.19 754 065 (,86%*
* P <005 % P <001, % P <000l
Fig. 2 Reduction of the 1 2000
repraductive potential of 1000 ,T 1992 T 1993
Euphorbia dendroides through 1 '/// 1P
the pre-dispersal phases in the 800 / /
ES population during the 3 g 1 / T /
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In the CG population. the main loss of fecundity in
1994 was due to lack ol ovary production or ovary abor-
tion (347%). lollowed by seed abortion (19%) and seed
predation by wasps (17%). Loss of cyathia due to the
moth were negligible (<1%) in all years. In 1992 and
1993, seed predation by wasps represented a much
greater absolute fecundity loss than seed abortion
(Table 3); the mitial number of cyathia was not recorded
in this area during either 1992 or 1993, so losses due o
lack of ovaries/ovary abortion cannot be determined.

In ES, the variable that showed the highest among-
plant variation in reproductive losses varied between
years. In 1992, it was seed abortion (CV=112.4%),

STAGE

while in 1993 and in 1994 it was lack of ovaries or
ovary abortion (139.5% and 180.1%, respectively). In
CG, loss ol inflorescences due to moths showed the
highest among-plant variation (159.4%) whereas lack
of viable ovaries showed the lowest (39.7%). In con-
trast, damage by moths showed the lowest variation
during the 3 years of the study in ES.

The key factor analysis showed that seed abortion
had the steepest slope for the 3 years of the study.
in both populations (Table 4). indicating that the
greatest contribution to among-plant variation in total
loss of reproductive polential is due to this factor,
even though it accounts for a low reproductive loss
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compared to the other lactors. In 1994, however, and
only in ES. losses due to moths also had a large con-
tribution to among-plant vasianion in total lasses while
representing the maim important loss (74% of the ini-
tial crop) (Table 4).

Discussion
Spatio-temporal vapation i ptant fecundity

Euphorbiu dendroides showed great vanaton iy fecun-
dity. maioly at a spatial (inter-individual) scate. Such
spatial vanation m number of cyathia produced was
largely attributed to differences in plant size: taller
plants, with a wider crown and trunk diameter, gener-
ally produced a greater number ot cyathia (although
not always 4 greater nutnber of fruits). The low values
of Truit set observed are due to several factors: a large
fraction of cyathia lack ovaries: another fraction aborts
them, and another is infested by moths. In the CG pop-
ulation fruit set was greater than in ES, mainly due fo
the much lower moth infestation of the former popu-
lation. All these particular reproductive losses result in
an even greater variability in fruit production than in
cyathia production. Thus, it appears that reduction in
potential ferlility increases fitness variation among
individual shrubs. The reason why the correlation
between fruit crop and cyathia crop varies among years
1s probably because it depends on the vanability of
those reproductive losses and on how such losses are
related o plant size and/or fecundity. That fruit crop
. and cyathia ¢rop were significantly correlated only in
1994, for instance, wight be (at Jeast in part) because
in that year more fecund plants suflered relatively lower
damage by moths; in the previous years, in contrast
the planis that produced the Jurgest amount of ¢cyathia
were also those that bore most infested cyathia (Fig. 1).

Both pollen and resource limitation, (ogether with
bet-hedging and selective abortion are usually found to
be the causes of low values of fruil sel (e.g. Stephenson
1981: Bawa and Webb 1984: Sutherland 1986; Krusi
and Debussche 1988; Charlesworth 1989; Ehrlén 1991).
In the present system, the large proportion ol cyathta
lacking an ovary i some individuals might indicate a
limitation of resources, whereas the low frequency of
insect visits observed suggests that pollen might also
be linuting the reproductve ouwtput ol the plant.

A strong consistency in fecundity was (ound across
years. so plants with the greatest fruit crops in 1992
were also rhe most productive in 1993 and m 1994, A
rather low temporal varidation was found in fecundity.
possibly due (o the similar weather conditions during
the three flowering seasons. The average number of fruit
produced in ES were quile similar across the 3 years
(see Table [); in CG. the temporal vanation was greater,
plants being more fecund in 1994 than the previous 2
years, which indicates that other variable factors

besides weather (e.g. insect abundapce, nutrient linu-
tation) are aflecting plant (ecundity.

Variation in pre-dispersal seed losses

The damage of cyathia by Acrolita subsequana repre-
sented an important reproductive loss in the ES pop-
ulation, reaching 100% in some mdividual plancs. In
contrast, the eflect of moths was negligible in CG. The
(wo populations are nearby (less than 2 km apart) and
the surrounding vegetation is quite similar. The only
apparent difference between the two areas is that ES 18
oriented to the northeast whereas CG is orented to
the northwest. Whether this difference is the main cause
determining moth infestation is unknown. Another
possible cause of the differences observed between both
populations might be related to the presence of the
wasp, Ancistrocerus ehusianus, that preys on the moth
larvae; it 1s unknown, however, whether levels of
larval predation by wasps differ between the two areas.
[t also remains unknown how lar the adult moth trav-
els (o infest a new host; if il slays on the same host
fromy which it emerged, this might contribute to the
consistency of attack observed from year to year among
individuals.

There was great variation among plants within
population in the levels of infestation. Such variation.
however. could not be attributed to Lhe traits measur-
ing size or fecundity; the exception wus in 1993, when
taller plants tended to suffer greater damage. In other
systems (e.g. De Steven 1981; Evans et al. 1989). moths
have been found to reduce the reproductive polential
by more than 80%. but predation intensity was not
related 10 plant fecundity in these studies either. Evans
et al. (1989) found that Aowering time affected moth
oviposition: in the system studied here, however. this
fuctlor is apparently wrrelevant, as moths were observed
{rom the beginming 1o the end of the flowering period,
and the plants examined flowered synchronously.
Differences in damage among plants might well be more
related to differences m plant palatabiity (Thompson
1985), quality of foliage (Harrison 1987) or other forms
of plant resistance (Green and Palmbald 1975) than o
differences in timing or density of flower or fruit pro-
duction (JTanzen 1971; De Steven 1983; Auld 1986). The
microhabital where the plant is located (e.g. sun ver-
sus shade) also can influence plant preference in many
herbivores (White 1984).

Temporal variation m cyathia infestation by moths
was quite high. In 1992, ca. 40" of the inforescences
were damaged in ES. while infestation was almost
doubled (74"4) m 1994, Considerable variation in pre-
dispersal sced losses 10 insecis over consecuiive
flowering/fruiting seasons has been found in other stud-
ies {e.g. De Steven 1983; Auld 1986; Andersen 1989).
Some variation is usually attributed to differences in
plant fecundity, although most remains unexplaned
because the dynamics of the insect population is not



studied. Substaantial intraspecific variation in insect
infestation may also have a large genctic component, as
has been found by Larsson and Strong (1992) in Salix
viminalis which is uttacked by a gall midge.

The damage that the Bruchophagus wasps caused to
the seeds ol £. dendroides was quite important in some
individuals. representing up o 93% of the seed crop.
Seed predation By wasps was also greatly variable
within the two populations, but in contrast 10 moth
infestation, wasps were found to kill simiar propor-
tions of the seed crops in both areas. The levels of pre-
dation could not be ateributed 1o plant size or number
of fruits produced wn any of the 3 years and no con-
sistency among individuals across time was evidenced,
i.e. a given plant could be highly damaged by wasps
one year and suffer little predation the next scason.
This results contrast with others where fruit crop size
does explain some ol the variation in seed predation
by insects (e.g. Roitberg et al. 1982; Jordano 1987:
Traveset 1993). Predation mntensity was much greater
in 1992 than in the 2 following years, which was prob-
ably related to changes in the wasp population deosity.
Insect population densities are known to vary sirongly
between scasons and may cause great variation in a
given plant-insect interaction (e.g. Heithaus et al. 1982;
Keeley et al. 1986; Randall 1986).

At the time of oviposition, Bruchophagus did not
seem to discriminate between plants with different
levels of infestation by moths, Therefore, the effect of
these two nsects on the plant reproductive losses
appeared to be additive rather than counteracting one
another in any way.

Of the seeds produced over the 3 years, between 20
and 34%. on average. were aborted. Considerable vari-
ation was observed at a spatial scale. some plants abort-
ing all seeds and others aborting none. The cousistency
observed among individuals in seed abortion rates
across years suggests that this reproductive loss is due
to some factor(s) “intrinsic” to the plant rather than (o
something external such as weather conditions,
Drought. for instance. has been found to influence the
number of aboried seeds in several plant species (e.g.
Lee and Bazzaz 1986; Jordano 1989), but this 15 less
likely (o explain variation amonyg mdividuals growing
in close proximity. The proportion of seeds aborted was
simifar between the two populations and was not related
to plant size or fecundity. The main cause of seed abor-
tion has been altributed to a Jimitation in resource avail-
ability (Stephenson 1981, but see Wiens et al. 1987),
although it may also depend on paternity (¢.g. Bookman
1984) or genelic deficiencies (Wiens et al. 1987).

After all the losses of reproductive polential out-
Jined above, a rather low fraction of seeds per individ-
ual remain viable and 1s that which contsibutes to the
next generation after being dispersed. The viable seed
crop represented from 0 to 98% of the seeds produced
and, on average, il never exceeded 40%. Even though
the more fecund plants in the CG area produced a
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greater absolute number of viable seeds than plants in
ES, the proporlion of seeds (hat were viable did not
differ significantly between Lhe two populations in 1992
or in 1993. In 1994, however, seed predation was lower
in CG and the relative number of viable seeds increased
significanly in this area.

Seed viability was not associated with plant size or
fecundity. and within a population, a larger plant did
not necessarily produce more viable seeds. This has also
been found in other systems (e.g. Traveset 1994) and is
due 10 the great variabilily in reproductive losses dur-
ing the pre-dispersal phase. Matnly because ol the Jack
of consistency through time in seed predation by wasps,
seed viability within a plant also varied greatly among
years.

Cumulative effects ol the reproductive Josses

The four factors identified as reducing the potential
number of seeds were ol (wo types: (1) intrinsic to the
plant (lack of ovaries/ovary abortion, and seed abor-
tion), and (2) extrinsic to il (cyathia mfestation by
moths and seed predation by wasps). The comulative
fecundity reduction due (0 all ol these factors was quite
high during the 3 study years (87%~93"%) in ES and
during 1994 (64%) in CG.

Moth infestation was the most Jmportant loss in ES,
followed by lack ol ovaries/ovary abortion, seed
damage by wasps and seed abortion. In contrast, woth
infestation was negligible in CG whereas lack of
ovary/ovary abortion represented the main loss of
reproductive potentia) in this ared. at least in 1994, Seed
predation by wasps in CG was greater than seed abor-
ron 1 1992 and 1993, though these losses were simi-
lac in 1994, No correlations were found berween losses
due to molths and losses duc to wasps. so these (wo
species of insect do not appear to exerl correlated selec-
tive pressures on plant traits such as those found in
other studies (e.g. Evans et al. 19§9).

The [actor that showed the greatest variation among
plants in pre-dispersal losses also varied between
the two populations: mn ES, the factoy with the high-
est value of CV was seed abortion in 1992 and lack of
ovaries/ovary abortion in 1993 and 1994, whereas jn
CG it was the plant interaction with the moth.

As found m other systems (Podoler and Rogers 1973;
Heithaus et al, 1982; Jordano 1989: Traveset 1994), the
key factoyr analyses show thal the mfluence of a lactor
on among-plant variation in total reproductive loss
may not be related to the magnitude of the pre-dis-
persal loss caused by tihat factor. Seed abortion
accounied for the greatest among-plant variation in
total loss of reproductive potential m all 3 years.
although it caused a low reproductive loss (< 20%)
relative to the other faclors. Variation in time in such
contributions were also observed in this study. so in
1994 mfestation of cyathia by moths in the ES pop-
ulation had an vmportant negative eflect on reproductive
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success and. at the same time, contributed greatly to
the variation in total losses.

In summary. the insect-plant interactions in this sys-
tem appear to vary spatially and temporally in their
importance. both from an ecological and evolutionary
viewpoint. Insect herbivores greatly reduce the average
reproductive potential of E. dendroides but in most
years contribute little to the variation among plants in
total reproductive success. The lack of consistency in
space and time. together with the lack of association
between reproductive losses due to the insects and plant
traits related to size and fecundity, suggest that if these
insects exert a selective pressure on the plant promot-
ing an adaptive change. this pressure is rather weak.
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